The mechanisms involved in the production of a speech sound vary from one speaker or iteration to the next, resulting in considerable variation in the phonetic realisation of speech sounds. The exact settings of the articulators in the production of a speech sound will vary across speakers, but, even within the same speaker, no two repetitions of a sound are quite the same. Furthermore, the phonetic realisation of a common form may vary according to an individual's dialect, speaking style, or even in the way sounds coarticulate or overlap with each other in connected speech. Yet, despite the intrinsically gradient nature of phonetic variation, listeners are usually successful in working out the intended message of the speaker by extracting meaningful categories from the speech signal. It goes without saying, therefore, that interpreting the intention of the speaker along with the speech form he/she produces in a given context is central to the process of mapping between speech segments and abstract representations. Put another way, the communicative use of language necessarily involves extracting "constancy," in the sense of category membership, from "variation" in any given context. However, the listener's task of abstracting constants or "constancy" from multiple sources of variation (both volitional and intrinsic) created by the population of speakers encountered is by no means a trivial one. We do not know nearly enough about how this process works or about the operations of its underlying mechanisms. Moreover, the process of interpreting variation in order to arrive at the speaker's intended meaning does not always occur seamlessly, since listeners can fail at correctly interpreting the signal. Therefore, our understanding of the relationship between constancy and variation hinges on unravelling the complex interplay of the many factors (social, cognitive, linguistic, biological, environmental, and so on) that determine the mapping between them.
seminal work by Ladefoged and Broadbent (1957) , early work sought to identify the units on which the process of encoding or decoding phonetic information operates. It also sought to model the mechanisms that supported that encoding or decoding (e.g., Klatt, 1979; Liberman & Mattingly, 1985) , yielding a plethora of theoretical proposals. Among the many proposed concepts is (relational) invariance, which assumes that distinctive features are the primary perceptual unit in the sound system of a language (e.g., Stevens, 2002 , based on ideas inherent in earlier work such as Jakobson et al., 1963; Liberman et al., 1967; Pisoni, 1978; Stevens & House, 1972) . Another is compensation for coarticulation, which addresses the strategies speakers use in natural speech when they are unable to reach optimal places of articulation to achieve an auditory contrast (e.g., Mann, 1980; Mann & Repp, 1981) . Further, in the cohort model speech input is progressively mapped onto competing lexical forms that are evaluated against one another (Marslen-Wilson, 1987) . Finally, another relevant model is built upon exemplar-based theories in which linguistic knowledge is built by the memory of an individual speaker-hearer's complete linguistic experiences, shifting attention away from abstractions (inspired by exemplar models of categorisation: Goldinger, 1996; Hintzman, 1986; Kruschke, 1992; Nosofsky, 1986) .
In parallel, a rapidly growing literature started to examine the sources of variation, initially asking questions about issues such as (1) the auditory and articulatory constraints on speech perception and production (e.g., Browman & Goldstein, 1992; Lindblom, 1990; Miller, 1989; Stevens, 1989) , (2) the effects of coarticulatory and other connected speech processes on units of speech (e.g., Mann, 1980; Nolan, 1983) , (3) the origins of sound change (e.g., Blevins, 2004; Ohala, 1974 Ohala, , 1981 , and (4) the nature of dialectal diversity due to social factors and regional variation (e.g., Hay et al., 2006; Niedzielski, 1999; Strand, 1999) . For instance, in their work on sociophonetic variation, Foulkes and Docherty (2006) identify speaker gender, age, ethnicity, social class, group affiliations, geographical origin, and speaking style as sources -all of which had long been identified but without the supporting experimental evidence yielded by more recent studies.
This exploration of the multiple sources of variation highlights that the performance of individual speakers/listeners must be factored into accounts of speech production, perception, acquisition, and diachronic change (Docherty & Foulkes, 2014) . It will also lead to an increased awareness that phonetic realisation and abstraction can only be fully understood if the full gamut of non-linguistic factors is taken into consideration, calling for a more interdisciplinary approach. Hawkins (2003, p. 373) , for instance, argued that significant progress can be made "by changing our focus of inquiry from abstraction of formal units of linguistic analysis to a detailed analysis of global aspects of the communicative situation, of which speech is just one part" (see also Hawkins, 2010; Hawkins & Smith, 2001; Local, 2003; and Best, 2015 , who suggests that successful word recognition requires perceivers to exploit complimentary principles of phonological distinctiveness and phonological constancy -see section "Perception of accent" below for a brief discussion of this idea in the context of lexical processing).
These insights have opened up new avenues for research on constancy and variation in speech involving a wide range of disciplines beyond phonetics. For instance, in arguing that theoretical accounts of the effect of adverse listening conditions on speech recognition must include information about the environment as opposed to trying to normalise it, Mattys et al. (2012) highlight the wider usefulness of adverse listening research for work on fundamental psycholinguistic topics such as the structure of lexical representations, segmentation, and feedback in perception.
This special issue seeks to take stock of these latest theoretical developments and empirical advances by moving the focus away from questions about the nature of the constancy and the variation that is at play (see e.g. the special issues edited by Hawkins & Nguyen, 2003 , in Journal of Phonetics and by Vigário et al., 2015, in Phonetica) to questions about the effects of increased variability on the relationship between constancy and variation. The contributions to this issue show how increased variability due to the interplay of multiple sources can facilitate perception and affect sound change. We turn now to discuss each of the papers in this special issue, grouped under two themes: the interplay of multiple sources of variability, and variability at the tipping point, which we define as the point at which surface variation is no longer interpreted as phonetic variation, but as an instance of a different "constant" (diachronically or in online speech perception).
The Interplay of Multiple Sources of Variability

Sound Change
The perceptual processing and the effects of the variations that arise from language change and language contact more broadly contribute significantly to sound change. This makes it imperative for us to consider sound change as the backdrop to examining the nature and source of these effects. Yet, despite the sizeable body of research on phonetically-based sound change, there are still several outstanding issues that need to be elucidated if we are to have a satisfactory understanding of the roles of the various mechanisms of sound change. Some key questions include: What is the extent of variation in speaker productions due to non-phonetic factors? To what degree is production affected by perception? Are there variables that can be considered markers of sound change in action? These questions are addressed directly in this special issue by Karolina Broś and Katarzyna Lipowska in their paper "Grand Canarian Spanish Non-Continuant Voicing: Gradiency, Sex Differences and Perception." They take a Labovian (Labov, 1972) or variationist (Guy, 1994 ) point of view, in which the relationship between synchronic variation and diachronic sound change depends on the complex interplay between various sources of change, both linguistic and extralinguistic. On the basis of a detailed analysis of post-vocalic voicing in Gran Canarian Spanish, the authors conclude that, far from being a unitary internal phonetic process, variation that underpins sound change very much depends on social factors such as gender, education, and individual communicative stances. The key finding of this study serves as a unifying statement that brings together two different strands of sound change research: on the one hand, there are those who are concerned with universal patterns in sound change that arise through the physical (articulatory and perceptual) processes related to the speech pro-duction and perception apparatus. This strand has been largely developed around the work of John Ohala mentioned above. Then, on the other hand, there is the work that focusses on social and environmental factors in sound change, such as the line of research on gender effects in sound change that has established, for example, that women's speech tends to lead to sound change (e.g., Eckert & McConnell-Ginet, 2003; Labov, 2001) , while older men tend to be most conservative with respect to initiating or adopting speech changes (e.g., Orton, 1962) . Broś and Lipowska's work specifically emphasises that a full understanding of the sources of sound change crucially depends on a better understanding of not only the individual effects of the many internal as well as external factors that play a role, but also of the way in which they interact over time.
Intelligibility of Second Language Speech
Recent research strongly suggests that a crucial factor in the ability to abstract and categorise speech when it is greatly variable -regardless of the source of that variability -is the amount and type of variability to which the listener is exposed. For instance, Logan and colleagues' research on "high variability phonetic training" (Logan et al., 1991) with non-native speakers has provided evidence that allophonic variation through the use of multiple speakers and varied segmental contexts facilitates categorical abstraction and leads to improved perception and production. The findings demonstrate that exposure to variability is a critical aspect of developing perceptual proficiency in a second language.
In their contribution to this special issue, Melissa Baese-Berk and Tuuli Morrill ("Perceptual Consequences of Variability in Native and Non-Native Speech") ask whether variability also affects intelligibility in a second language. Research on speech perception in second language learners has generally shown that listeners find utterances by native speakers of a language more intelligible than those spoken by second language learners (e.g., Munro, 1998; Munro & Derwing, 1999; Smith et al., 2003; van Wijngaarden, 2001 ). Bent and Bradlow (2003) also report evidence for a "matched interlanguage speech intelligibility benefit" wherein second language listeners rated other (high proficiency) second language English speakers from the same language background as themselves as being equally intelligible as native speakers. This finding confirms that an adequate understanding of speech intelligibility must take both talker-and listener-related factors into account. However, BaeseBerk et al. (2013) showed that listeners' ability to extract phonological constancy from phonetic variability is not necessarily a language-specific capacity, as they generalise their learning to novel speakers from language backgrounds both included and not included in the perceptual training they receive. Essentially, these studies highlight the complex interplay of the factors involved.
In this special issue, Baese-Berk and Morrill take up this issue by addressing the question of how a specific type of variability (speaking rate) impacts intelligibility and fluency (as judged by listener ratings). They find that it is not only the case that listeners with more experience of more variable speech show better perception of non-native speech (Laturnus, 2018) , but their perceptual ability also depends on the type of variability to which they have been exposed. Note, however, that other sources of variability can also affect an individual's performance, such as their proficiency in their target L2 and the similarity be-tween their target L2 and their native language (Graham & Post, 2018) . The relationship between intelligibility and variability by native and non-native listeners/speakers is clearly a complex one. More research is needed that focusses on different phonetic measures of intelligibility as well as removing an important confound by teasing apart the notion of intelligibility from fluency. Whilst there is an appreciable amount of research on how second language listeners perceive the utterances of their target L2, there is not much research on how utterances produced by second language speakers are perceived by different populations of listeners.
The authors conclude that the results of their study underscore the need for the development or adaptation of current models to account for the way speech utterances produced by second language speakers are perceived by different categories of listeners. By refining models of speech perception to include different sources of variability and how they impact on perception, we will be better able to understand the factors that contribute to listeners' ability to comprehend speech utterances produced by lower proficiency second language learners and determine what compensatory strategies listeners use to decode the intended message. This line of work has important implications for both human as well as machine processing of second language speech utterances.
Perception of Accent
In their contribution to the special issue, Bronwen Evans, Amy Madigan, and Gisela Lourido investigate whether greater exposure to variable phonetic input for bilingual children in a multilingual community facilitates their perception of accent in "Effects of Language Background on the Development of Sociolinguistic Awareness." We know from studies with monolingual children that exposure to variable phonetic input plays a crucial role in acquiring their native language. Werker and Tees (1984) showed that infants can discriminate non-native speech contrasts without any previous exposure to the languages, and that this ability declines around the end of the first year of life. This decline has been posited to signal a shift from phonetic-based perception to the acquisition of phonological contrasts and appears to be related to the increase in exposure to the native language. That relationship is corroborated in later research by Nathan et al. (1998) who found that more experience with variation results in better ability to retrieve constant phonological and lexical information, which should be affected by the relative frequency of different types of variation (e.g., most people hear more gender-related variation than non-native dialectal variation). The question of how children develop this perceptual awareness has been addressed by Pierrehumbert (2003) who hypothesised that phonological categorisation is a bottom-up process based on the ongoing statistical analysis of density distributions in a phonetic space. This hypothesised process constitutes a statistical learning mechanism that relates to exemplar models. By Pierrehumbert's account, it is from this mechanism that abstract, phonological categories would emerge. However, Best et al. (2009) showed that whilst 15-and 19-monthold children are able to recognise familiar words spoken in their native dialect, only the 19-month-old children are able to recognise familiar words spoken in an unfamiliar non-native (Jamaican) dialect. Those researchers suggest that acquisition of phonological constancy emerges around that age. They further ar-gue that their results are incompatible with a statistical learning account of developmental change in early word recognition given that the older children are generalising readily to an accent they have not previously experienced, and instead support a perceptual-attunement account (as proposed in the Perceptual Assimilation Model; Best, 1995) . This area of inquiry has implications for adults as well; Graham and Williams (2016) , for example, showed that certain phonological abstraction processes continue to function during adulthood. In their study, adult second language learners (Japanese native listeners) were able to implicitly acquire knowledge of the phonological patterns (lexical word stress and phonotactic rules) of a novel second language through a brief auditory experience and without any conscious awareness of the rules they were acquiring.
The relationship between phonological constancy and phonetic variation has also been examined within the context of bilingual speech acquisition. Previous studies of bilingual children show that their greater exposure to phonetic variation and associated phonological categories in two languages can give them an advantage over monolingual children in the acquisition of certain aspects of speech (e.g., Schmidt & Post, 2015) . In this special issue, Evans and colleagues use the varied language background of migrant bilingual children in London to establish whether early experience with variation affects the ability to categorise different accents: home versus unfamiliar regional accent, home versus unfamiliar foreign accent, and unfamiliar regional versus unfamiliar foreign accent. The authors find that bilinguals were better able to categorise talkers in all accent conditions than monolingual speakers. One explanation the authors offer for this finding is that, in addition to exposure to their own native dialect, bilinguals are aided by greater exposure than monolinguals to other sources of variation, such as the less predictable differences that occur in foreign-accented speech (Girard, Floccia and Goslin, 2008) . More generally, the authors argue that knowledge of phonetic and social variation is likely emergent with the development of the ability to extract and use patterns of variation to categorise talkers and is highly dependent on linguistic experience. This underscores the importance of sociolinguistic awareness in the processing of phonetic variation and sheds light on how children acquire and use this knowledge to process phonetic variation.
Lexical Processing
Social factors have also been found to play a role in speech processing. It has been argued that the associated phonetic variation should not be dealt with in a pre-processing normalisation step that precedes categorisation, as is the case in classical models of speech perception, but instead by a fully integrated component of the speech perception system as a whole (e.g., Nusbaum and Magnuson, 1997) . Nusbaum and Magnuson (1997) proposed that the system adapts its processing depending on certain variables -in their case largely talker and phonetic context variability -and operates in a way akin to hypothesis testing based on the prior context, listener expectations, and information in the signal. A recurring question in research on speech perception and word recognition is how useful small details of phonetic variation are and how they support listener attunement to phonological contrast in their native language. Best (2015) suggests that language learners are able to make use of organised sets of relation-ships between abstract phonological forms and surface phonetic patterns by utilising the complementary relationship between lexical and indexical aspects of phonetic variation in the input. This line of argumentation would have it that natural phonetic variation provides vital information about the structure of spoken language and facilitates rather than hinders perception.
However, relatively few studies have examined how precisely the many different sources of phonetic variability affect speech processing. In their study in this special issue, Zack Jones and Cynthia Clopper ("Subphonemic Variation and Lexical Processing: Social and Stylistic Factors") included multiple sources of subphonemic variation to investigate how that variation is encoded during lexical processing, using a lexical decision task with cross-modal form priming. They found that the magnitude of priming was mediated by stylistic and social properties of the speech, suggesting that successful recognition of tokens that vary in style, social categories and phonetic detail in lexical encoding is based on experienced exemplars which are interconnected by virtue of being stored collectively. The findings, as the authors argue, are consistent with models of word representation that are based on experienced exemplars (e.g., Goldinger, 1998; Johnson, 1997 Johnson, , 2006 Pierrehumbert, 2001; Sóskuthy, 2015) , and they align well with previous findings by Sumner et al. (2014) . Building upon theories of episodic memory and exemplar-theoretic approaches, Sumner et al. (2014, p. 1) suggested that "the perception of spoken words is socially weighted, resulting in sparse but high-resolution clusters of socially idealised episodes that are robust in immediate processing and are more strongly encoded, predicting memory inequality." This notion of social weighting enables infrequent but socially salient tokens to result in robust representations via increased attention to the stimulus, despite being experienced less often compared to highly frequent tokens (with frequency typically being established with corpus-based methods). Thus, while the importance of social weighting in lexical processing has been recognised before, Jones and Clopper's contribution shows that lexical representations are affected by a number of different sources of social and stylistic information simultaneously. An interesting question that these findings raise is how listeners cope with the variability in accents to which they have no previous exposure. This perhaps highlights a dividing line between Best's Perceptual Assimilation Model and Pierrehumbert. The former proffers that the perceiver is able to detect articulatory information that supports perceptual attunement even when there is no prior exposure, as opposed to the latter's view that perceptual attunement (to native speech) involves previous exposure to the distributions of frequencies of the native speech.
Variability at the Tipping Point
Perceptual Learning
In perceptual learning in speech, listeners are given the experience of unfamiliar speech stimuli that contrast in specific ways and are then tested on whether their exposure leads to an ability to discriminate between those speech contrasts. This ability has been tested in various contexts, including the perception of accented speech, dialects, degraded speech input and lexically induced pho-netic learning (see Samuel & Krajic, 2009 , for an overview). Baker et al. (2011) reported on a study of word duration and its relationship with intelligibility, accentedness, and total amount of variation. The authors found that native American English speakers exhibited more intraspeaker variability in word duration than non-native English speakers of different L1 backgrounds. Higher proficiency non-native English speakers with more native-like word durations, greater within-speaker word duration variance, and greater function word reduction were perceived as less accented, as might be expected. Their study identified word duration as an important and complex feature of foreign-accented English and provides an example of second language research in which speakers produce greater variability in their native language than speakers for whom it is a second language. It might be speculated that this finding could indicate that the non-native speakers command a narrower range of speaking styles (including changes within a sentence) than the native speakers do.
An important question that emerges within the subject of perceptual learning is how robust the perceptual mechanism actually is in processing phonetic variation. In other words: how adept is the perceptual mechanism at processing atypical or ambiguous input? Molly Babel, Michael McAuliffe, Carolyn Norton, Brianne Senior, and Charlotte Vaughn explored precisely this topic in their contribution to this special issue using perceptual learning ("The Goldilocks Zone of Perceptual Learning"). In their article, Babel et al. test facilitation in perceptual learning over a range of variation (i.e., from subtle within-category to "fully remapped cross-category" variation). As established in previous research (e.g., Norris et al., 2003) , the authors assumed that learners use lexical knowledge in the perceptual learning of speech sounds. Babel et al. report that perceptual learning is enhanced with maximally ambiguous stimuli but attenuated with excessively atypical stimuli. Overall these results suggest that the success of learning hinges crucially on the listener being able to establish category typicality from ambiguous input. In other words, in order for listeners to extract constants from variation, the input must be constrained to what is identifiable by listeners as a possible variable form (i.e., the deviance of an item from its canonical form must be within what the authors refer to as the "Goldilocks zone" for it to be successfully perceived by a listener). This is the first time that this type of finding has been shown experimentally. This work contributes to our understanding of (the limitations of) perceptual learning in the context of highly variable real-life speech situations, showing for the first time how important the typicality of the stimuli is for listeners' ability to successfully adapt to accented speakers and forms. The authors conclude that perceptual learning may therefore not be the best or only mechanism used by listeners in adaptation to non-canonical speech.
Sound Change
Category typicality also plays a crucial role in ongoing sound change, as Natalia Kuznetsova and Vasilisa Verkhodanova show in "Phonetic Realisation and Phonemic Categorisation of the Final Reduced Corner Vowels in the Finnic Languages of Ingria." Their starting point is that sound change implies two connected processes: change in the structure of the synchronic pool of phonetic realisations and categorical reanalysis in the mind of the speakers/listeners (Bybee, 2001 ). The assumption is that the mechanism that initiates this change is, origi-nally, a misinterpretation of a phonetic variation that is novel to the listener (see e.g., Blevins, 2004; Ohala, 1974 Ohala, , 1981 . Kuznetsova and Verkhodanova's particular aim is to investigate how changes in phonetic realisations and categorical reanalysis are correlated by taking an associative distributional learning perspective, which can be conceived of as changing frequency distributions in production and typicality distributions in perception (Kapatsinski, 2018, p. 275) .
Reduction and ultimate loss of the corner vowels in the Finnic languages of Ingria (more specifically, the endangered subdialects of Ingrian, Votic, and Ingrian Finnish) provides the testing ground in Kuznetsova and Verkhodanova's study. The results reveal a stable correlation of frequency distributions in production and perception that reflect three stages of change: at stage 1, production and perceptual categorisation are closely matched, as loss spreads through the system; at stage 2, production shows innovation, but perceptual categorisation lags behind; at stage 3, perception and production realign when there is more than 70% vowel loss in production as well as in categorisation. The authors propose an account of this process of staged change that is framed in terms of an adaptive hybrid model of mental storage, which suggests the internal clustering of exemplars within the category undergoing change (Gureckis & Goldstone, 2008; Kirby, 2010, pp. 34-37) .
Concluding Remarks
In this special issue of Phonetica, we seek to explore the topic of constancy and variation in speech by taking stock of the latest theoretical and empirical advances in research on variable phonetic realisation and abstraction. We do so by focussing on the effects of increased variability on the relationship between constancy and variation (both in terms of its sources and its potential tipping point), in contrast to prior research which focussed on the nature of the representations and processes that are at play in the encoding and decoding of phonetic variation.
The papers in this special issue straddle the boundary between phonetics and other disciplines (in particular psychology, dialectology, sociology, and historical linguistics), and illustrate how taking an interdisciplinary approach can enrich our understanding of constancy and variation in speech. Given the diverse theoretical underpinnings of the research included here, it is unsurprising that the papers use equally diverse research paradigms, ranging from tightly controlled production to perceptual learning. As a consequence, the papers have in common that they represent rapid recent advances in understanding in this particular area, yet they also show that we are only just starting to scratch the surface of this complex topic. Collectively, they demonstrate that achieving constancy -either directly in perception or indirectly in sound change -is crucially determined by the nature of the different sources of variation that may be at play simultaneously, as well as the point at which phonetic variation starts to be perceived in terms of different "constants." Within this context it is essential to explore and clarify the complex role of intra-and interspeaker variability by reflecting on the very nature of constancy as a representation of phonological knowledge that is less stable and less predictable than the term would suggest.
There still remains much to be done, for example in elucidating precisely how extralinguistic sources of variation (e.g., noise) interact with other sources in the processing of variation (e.g., second language speech; Scharenborg et al., 2019) .
